Results and Discussion
ure 1A, Figure S1A ). Similar results have been obtained in an independent study [9] in which the gene is termed mcp6. In this paper we call it hrs1 throughout.
In addition to the localization to the SPB, several foci with a weak Hrs1p-GFP signal were often observed in zygotes undergoing horsetail nuclear movement (Figure 1A) . No Hrs1p-GFP signal could be detected in mitotically growing cells. Hrs1p seemed to emerge in response to the pheromone signal, because it was observed in mam2 mutant cells that developed a mating projection responding to the pheromone but were arrested before conjugation (Figure S1B . In hrs1D cells, the distribution of GFP-Dhc1p was apparently unaffected: it was still seen along microtubules and at a few foci ( Figure 1C , Movies S3 and S4). The intensity of the GFP-Dhc1p signal in these cells was comparable to that in the wild-type. It therefore seemed unlikely that the impaired HNM in hrs1D cells arose from mislocalization of Dhc1p.
Closer observation of the microtubule structure using fixed hrs1D cells, which allowed detailed 3D analysis using a scanning confocal microscope, revealed that they lacked HAA bundles accompanied by a focused microtubule-organizing center (MTOC) ( Figure 1D ; Movies S5 and S6). Instead, nucleation of microtubules was more random and they were dispersed, suggesting that Hrs1p was required for HAA formation led by a unique 
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) and eventually generated an HAA. Two nuclei ran after each other for a while until karyogamy took place, which was followed by HNM (Movie S7).
In hrs1D Figure 2E ), probably because they carried more copies of the hrs1-GFP plasmid than others. Altogether, these results suggested that ectopic expression of a physiological level of Hrs1p could induce the p-HAA.
We noticed that extended incubation of cdc25.22 cells under the restrictive temperature following the 22 hr induction (Sample 22-8) did not enhance p-HAA formation, and that the amount of Hrs1p was greatly reduced in these cells ( Figure 2D ). This indicated that the stability of Hrs1p might be regulated in a cell cycledependent manner and a p-HAA might be generated in early G2 phase before arresting at the cdc25 execution point.
Ectopic Expression of Hrs1p during Mitosis Induced an Oscillatory Nuclear Movement Driven by Astral Microtubule Arrays
We observed frequent nuclear movement in cells expressing Hrs1p during mitotic growth (Movie S10). However, we recognized also that wild-type cells showed oscillatory nuclear movement shortly after the cytokinesis (early G2 cells) (Movie S9). To assess these movements quantitatively, we employed a heterothallic haploid strain harboring Sid4p-GFP [23] and a GFP-α-tubulin fusion protein, which visualized the SPB and microtubules simultaneously. Six cells of this strain longer than 9 m (mid-late G2 cells) were analyzed as controls (Figure 3B ). All the cells had an interphase microtubule structure organized from multiple iMTOCs and no astral microtubule array ( Figure 3E , Movie S11). The movement of the SPB was moderate and its location was restricted to the center of the cells ( Figure 3B ). In contrast, early G2 cells shorter than 9 m showed a more dynamic oscillatory movement of the SPB, as mentioned above ( Figures S3A and S3B and Movie S11).
When Hrs1p was ectopically expressed in the above strain, it induced the p-HAA structure in roughly 25% of the cells. Six cells longer than 9 m that had the p-HAA were chosen to trace the position of the SPB projected images of a mid-late G2 cell ectopically expressing Hrs1p, analyzed in (C).  (G) Representative projected images of a zygote undergoing HNM, analyzed in (D). In (E), (F), and (G We next investigated whether Hrs1p function could affect the localization of Alp4p. During meiotic prophase, Alp4p localizes to the SPB (Figure S3B, wt) . In hrs1D, the concentration of Alp4p to the SPB was lost and the signal was dispersed around the nucleus (Figure S3B, hrs1D) . This dispersion was specific to zygotes undergoing meiotic prophase, and upon the onset of meiosis I, localization of Alp4p to the SPB was restored in hrs1D (data not shown). In growing cells, Alp4p is reported to reside on scattered "satellites" around the nucleus at interphase in addition to the SPB [29]. These satellites represent the iMTOCs from which interphase cytoplasmic microtubules are nucleated. We examined the effect of ectopic Hrs1p expression using cells treated with hydroxyurea (HU). After the HU treatment for 4 hr at 30°C, more than 90% of the cells were arrested at the G1-S boundary, having neither a spindle nor a PAA but carrying Alp4p patches at satellites (91.3%, n = 218) and a concentration of it at the SPB ( Figure S3C, control) . When Hrs1p was expressed in these cells, signals at satellites were precipitated into a single Alp4p signal at the SPB in many of them (53.6%, n = 207) ( Figure S3C, pREP1-hrs1) .
Based on these observations, we propose a model depicted in Figure 4E . Once the pre-HAA structure is organized, Hrs1p acts to stabilize it by attracting the minus ends of microtubules via γ-TuRC and fixes them to the SPB. It has been shown that assembly and disassembly of microtubules during HNM takes place mainly at their plus ends distal to the SPB and that the minus ends proximal to the SPB are relatively static [14]. This observation fits well with our model, which does not postulate a special MTOC activity at the SPB to nucleate multiple microtubule bundles for HAA organization.
One of the distinctive features of microtubules in the HAA is that their plus ends tend to curl around cell ends ( Figures 1E and 3G) [3, 15] . We noticed a similar trend in microtubules organized into the p-HAA by ectopic expression of Hrs1p in mitotic cells (Figures 2B and 3F) . This suggests that Hrs1p may also affect the kinetics of polymerization and depolymerization of microtubules at the plus ends. The Hrs1p foci of weak intensity observed in Figure 1A may imply its possible involvement in the regulation of microtubule dynamics. Alternatively, fixation of the minus ends to the SPB or the resultant HAA arrangement may affect the dynamics of microtubules at plus ends.
Currently, we suppose that the formation of a pre-HAA involves yet another key factor than Hrs1p, because hrs1D cells could still generate pre-HAA architecture, although it was very unstable ( Figure 1F 
